The vomeronasal system of mammals is a specialized chemosensory pathway that parallels the main olfactory system but is anatomically distinct from its peripheral aspect through its projections into the central nervous system.'.' Recent evidence suggests a predominant role for the vomeronasal system in conveying the influence of odor stimuli upon neuroendocrine and on a variety of motivated behaviors, including sex,6 aggression,' and maternal behavior.' This functional role probably reflects the relatively direct projections of this chemosensory system to areas of the ventral forebrain important in the control of neuroendocrine and behavioral events. The sole central target of the vomeronasal organ is the accessory olfactory bulb (AOB), neurons which in turn project to several nuclei of the medial amygdala.'.' In particular, the medial nucleus of the amygdala (M), has projections to the preoptic area and hypothalamus, and has been strongly implicated in mediating the influence of odor cues upon the neuroendocrine system and behavior.'".''
afferent chemosensory information from the AOB. This LHRH innervation of the central targets of the vomeronasal system is in contrast to their relatively sparse presence in central targets of the olfactory system. Evidence that immunoreactive LHRH axons establish synaptic contacts in the AOB,I7 and that the LHRH content of this area increases during odor exposure,I8 have led to the suggestion that LHRH neurons and their fibers may directly modulate the processing of vomeronasal sensory information. Since a major neurosecretory role of LHRH neurons is in the control of gonadotropin secretion by way of projections to the median eminence (ME), LHRH input to both neurohemal and chemosensory targets may serve to coordinate neuroendocrine and behavioral aspects of reproduction.
Although the distribution of LHRH cells and fibers in the mammalian brain has been well characteri~ed,".~"~' the precise origin of LHRH input to the vomeronasal system, as well as to other brain areas, remains unclear. In part, the reason for this has been that LHRH neurons are not clustered within a single nucleus or brain area, but are relatively widely scattered throughout the forebrain. In the hamster, for example, a subset of immunoreactive LHRH cells are present within the terminal ganglion, in its peripheral, intracranial, and intracerebral portions." Scattered LHRH cells are also located in the medial portion of the anterior olfactory nucleus, the anterior hippocampal rudiment, and the indusium griseum. As mentioned, single isolated LHRH cells are sometimes found within the AOB itself. However, the vast majority of these cells in the hamster and other species are found in a continuum that extends from the diagonal band and medial septum to the preoptic area and anterior h y p~t h a l a m u s . "~'~~~' In the rat, LHRH cells which project to the ME are evenly distributed throughout these areas; within either the diagonal band, medial septum, or preoptic area, cells projecting to the ME account for about half of all LHRH neurons.22 It is not known whether those LHRH cells, which do not project to the ME, innervate neural targets instead. Similarly, the possible central targets of LHRH cells in the terminal ganglion are not clear, although a recent study:' using immunocytochemistry after knife cuts, suggests that the peripheral portion of the terminal nerve in the hamster projects centripetally.
In order to determine which LHRH cells project to the central targets of the vomeronasal system in the hamster, we employed a combination of retrograde tracttracing techniques, using fluorescent tracers, with immunocytochemistry. To assess the possibility that single LHRH cells influence both neuroendocrine and chemosensory function, we first determined the location of LHRH cells which project to the M E and compared their distribution with that of cells projecting to the AOB and M. Finally, we determined the distribution of LHRH cells which project to the lateral septum (LS), to test the possibility suggested by the l i t e r a t~r e~~.~' that this area receives central input from LHRH cells of the terminal ganglion.
Adult male golden hamsters (120 gm; Harlan Industries, Inc.) were anesthetized with sodium pentobarbital (75 mg/kg) and received unilateral stereotaxic injections of fluorescent tracers directed toward either the ME, M, or LS, using a microinjection device (Kopf Instruments) which held a 1-p1 Hamilton syringe. Two fluorescent tracers were used in this study; individual animals received 50-100 nl injections of either 4% Fluoro-GoldZ6 (Fluorochrome, Inc.) in 0.9% saline, or a 10% solution of rhodamine-coated latex m i c r o~p h e r e s~~ (Tracer Technologies) in the same vehicle. Several animals received tracer injections directed toward the third and lateral ventricles as a control, since injections into the ME, M, and LS often spread into these ventricles.
After a postsurgery survival of three to five days, animals were anesthetized with pentobarbital and perfused intracardially with 50-100 rnl of 0.9% saline solution LEHMAN el al.: VOMERONASAL SYSTEM 23 1 followed by 300-500 ml of Zamboni's fixative (1.8% paraformaldehyde, 2% picric acid in 0.1 M phosphate buffer, pH 7.3). Brains were carefully removed with meninges intact, postfixed in the same fixative for 6-24 hr, and embedded in the egg yolk-gelatin matrix. After infiltration with 20% sucrose in the same fixative, coronal sections (50 p m ) were cut on a freezing microtome. Sections were washed overnight in 0.1 M. phosphate buffer, pH 7.3, and every third section incubated for 48-72 hrs. in primary antiserum against LHRH (LR-1 generously provided by Dr. R. Benoit). Sections were subsequently processed for immunocytochemistry using an avidin-fluorescein procedure (Vectastain, Vector Laboratories), mounted and coverslipped with glycerol in phosphate buffer. Sections were examined and photographed using a Nikon Microphot FX equipped for fluorescent microscopy with fluorescein, rhodamine, and ultraviolet (UV) excitation filters.
The morphology and distribution of immunofluorescent LHRH cells and fibers seen in these animals was identical to that described previously for this species using immunoperoxidase
Immunoreactive neurons appeared as either bipolar or unipolar cells, similar to those described in most other mammal^.'^,^^ LHRH fibers were most often seen as beaded varicosities, with the notable exception of fibers within the terminal nerve and ganglion which had a flat, ribbon-like appearance. As in earlier studies, immunoreactive LHRH cells were found scattered over a wide area of the ventral forebrain, ranging from the olfactory peduncle, rostrally, to the anterior hypothalamus, caudally (see FIGURE 3). Clusters of LHRH cells were identified as the intracerebral portion of the terminal ganglion by their association with fibers of the terminal nerve, at the level of the anterior hippocampal rudiment. A few scattered immunoreactive cells were seen in the anterior hippocampal rudiment itself, as well as in the indusium griseum, and more rostrally in the medial portion of the anterior olfactory nucleus and within the AOB. The majority of LHRH perikarya were found scattered in a diffuse continuum that includes cells in the diagonal band, medial septum, preoptic area, and anterior hypothalamus. Like the rat," but unlike the guinea pigzo and monkey," LHRH cells in the hamster were not found within the medial basal hypothalamus. LHRH fibers with beaded varicosities, as expected, were seen within several neurohemal regions, such as the ME, the organum vasculosum of the lamina terminalis (OVLT), and the subfornical organ. Additionally, LHRH fibers were also found within presumptive neural targets, including the glomerular layer of the AOB, the superficial plexiform layer of M, and the LS.
In these same animals both Fluoro-Gold and rhodamine-coated microspheres (hereafter termed "rhodabeads") proved to be sensitive and easily discernible markers of retrogradely labeled neurons. Under UV illumination retrogradely transported Fluoro-Gold appeared to be sequestered in bright yellow granules, presumably lysosomes, within cell bodies and dendrites. Similarly, observed with a rhodamine filter, rhodabeads appeared as bright red beads within the outlines of cell bodies and dendrites. Neither tracer appreciably labeled axons at a distance from the injection site, although Fluoro-Gold occasionally labeled fibers that could be followed from intensely labeled cells at or near the injection site. The overall pattern of retrograde labeling following an injection in a given site, was the same regardless of the tracer used.
Microinjections of either Fluoro-Gold or rhodabeads in eighteen animals were successfully centered within either the ME (n = 5), AOB (n = 5), M (n = 5 ) , or LS (n = 3). Representative injections into three of these sites, the ME, AOB, and M, are shown in FIGURE 1. The size of an effective injection site was defined as that area around the needle tract where fluorescent dye or beads completely filled the neuropil, intensely labeling all cells and fibers. All injection sites used for histological analysis overlapped the extent of immunoreactive LHRH fibers in that brain region. 
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In most animals, verification of this overlap was obtained by direct examination of those sections for immunoreactive LHRH fibers. By switching between fluorescent filters, the presence of fluorescein-labeled LHRH fibers within each Fluoro-Gold or rhodabead injection was confirmed. Injections in the ME, for example, were centered in its lateral portion adjacent to the tubero-infundibular sulcus of the third ventricle, the area of densest LHRH fibers and terminals (FIG. 1B) . In the AOB, tracer injections involved that structure's glomerular layer (FIG. 1C) ; in the amygdala, injections were centered in the dorsal part of the medial nucleus adjacent to the optic tract, although in some cases there was spread of fluorescent tracer into the optic tract and internal capsule (FIG. ID) . Tracer injections in the LS (see FIGURE 7) overlapped the location of beaded LHRH fibers in that area which ramify close to the lateral ventricle.
Retrogradely labeled LHRH cells were easily identified in these brains. Immunoreactive LHRH perikarya, labeled green with avidin-fluorescein, when retrogradely labeled also contained bright yellow (Fluoro-Gold) or red (rhodabeads) granules in their cell bodies and dendrites (FIGS. 2A-C). For each animal, the location of both labeled and unlabeled LHRH neurons were plotted onto a series of standard coronal sections through the hamster brain . In each animal, observations of the location of retrogradely labeled non-LHRH cells provided additional verification of the effective locus of the injection site. For example, tracer injections into the M E consistently labeled cells in the paraventricular and arcuate nuclei of the hypothalamus, both of which are known sources of afferent input to the Following AOB injections, cells were labeled in the bed nucleus of the accessory olfactory tract, as well as in M.-'O In the case of M injections, labeled non-LHRH cells were seen in the AOB, bed nucleus of the stria terminalis and ventromedial hypothalamus?' LS injections labeled cells in the hippocampal formation?2 Control injections of tracer into the third or lateral ventricle failed to label any neurons.
Following tracer injections into the ME, retrogradely labeled LHRH neurons were found scattered throughout the diagonal band, medial septum, preoptic area, and anterior hypothalamus (FIG. 2A; FIG. 3) . In addition, a small number of retrogradely labeled LHRH cells were seen in the intracerebral portion of the terminal ganglion and in the adjacent anterior hippocampal rudiment (FIG. 2B; FIG. 3) . In all these areas, labeled LHRH neurons tended to be located ipsilateral to the injection site. At any level, LHRH cells which project to the ME accounted for about half of all immunoreactive LHRH cells in areas ipsilateral to the injection. Retrogradely labeled LHRH cells were often seen in close proximity to unlabeled LHRH neurons (FIG.  2A) . As noted above labeled non-LHRH cells were seen in several sites of origin of known afferents to the ME, including the paraventricular and arcuate nuclei of the hypothalamus.
In contrast to the pattern of labeling following ME injections, tracer injections into the AOB consistently labeled only one or two LHRH neurons. Labeled LHRH cells were located in the superficial plexiform layer of the medial division of the anterior olfactory nucleus ipsilateral to the injection site (FIG. 4) . This sparse pattern of LHRH cell labeling was evident though the same injections produced intense retrograde labeling of non-LHRH cells at more distant sites, including the bed nucleus of the accessory olfactory tract and M. The overall distribution of immunoreactive LHRH neurons in animals bearing AOB injections, as well as in hamsters with M and LS injections, was essentially the same as that seen in animals with M E injections (compare FIGURES 3 and 4) .
Tracer injections into the medial amygdala, like those into the AOB, labeled only one or two LHRH neurons in each brain, usually ipsilateral to the injection site (FIG.  2C; FIG. 5 ) . LHRH cells projecting to M were located in the ventromedial preoptic area at the level of the OVLT (FIG. 2C; FIG. 5 ) . Despite the sparse labeling of LHRH cells, the same injections labeled non-LHRH cells at sites consistent with an earlier tract tracing study," including the AOB, the bed nucleus of the stria terminalis, and the ventromedial hypothalamic nucleus.
Following tracer injections into the LS, retrogradely labeled LHRH cells were found primarily in the rostral medial septum ipsilateral to the injection (level not shown in FIG. 6) . Notably, a few LHRH cells in the intracerebral portion of the terminal ganglion and anterior hippocampal rudiment were also retrogradely labeled.
M E INJECTION (H 11)
oc' FIGURE 8. Schematic parasagittal section through a hamster brain illustrating the location of intracerebral LHRH cells (solid circles), including those which project to the accessory olfactory bulb (square), the medial nucleus of the amygdala (diamonds), and the median eminence (rriangles). The possibility of projections from LHRH cells in the peripheral portion of the terminal nerve ( T N ) to the accessory olfactory bulb is indicated by the question mark. IG, indusium griseum; CC, corpus callosum; LV, lateral ventricle; MA, medial nucleus of the amygdala. All other abbreviations are the same as those in FIGURE 3.
In contrast to the small number of retrogradely labeled LHRH cells following AOB or M injections, ME injections consistently labeled greater numbers of LHRH cells. As in the ratzZ and mouse," LHRH cells projecting to the ME in the hamster are not localized to any specific brain region but scattered among other LHRH cells which apparently do not project to the ME. Given our use of unilateral injections, we cannot exclude the possibility that all LHRH neurons project to some portion of the ME. However, the present results suggest that in the hamster, as in other species, LHRH cells are heterogeneous with respect to their individual projections.
Furthermore, we were surprised to find a small number of LHRH cells associated with the intracerebral portion of the terminal nerve and adjacent anterior hippocampal rudiment which were labeled after ME and LS injections. These cells were not labeled after injections into the AOB which spread into the pia-arachnoid space. Although these cells were not reported by earlier studies of afferents to the ME? the sparse number of cells labeled may have escaped detection. LHRH cells in the terminal ganglion have been demonstrated to have access to fenestrated capillarie~,'~ although it is not clear whether this access is by way of projections to the ME, or to other neurohemal regions. If cells of the intracerebral terminal ganglion do indeed project to the ME, then an anatomic basis for terminal nerve regulation of gonadotropin secretion may exist.
FIGURE 7.
Photomicrographs showing the presence of LHRH fibers in the accessory olfactory bulb following a unilateral lesion of the intracerebral portion of the terminal ganglion. (a) Coronal section through an electrolytic lesion which destroyed the left terminal ganglion but left the right terminal ganglion intact (asrerisk). Note that some LHRH fibers in the pial layer of the left side of the brain remained intact (arrows). Magnification X 63. @) Section immediately rostra1 to (a) in which fiber bundles of the terminal nerve are apparent (arrows) adjacent to the gliotic tissue (gl) surrounding the lesion. Magnification X 63. ( c ) Darkfield photomicrograph of the AOB on the side of the lesion. Note the presence of immunoreactive LHRH fibers (arrows) which ramify in the glomerular layer (g). Magnification ~6 3 .
